Managing seagrass and mangrove can be enhanced through carbon valued payment 1 4 incentives schemes. Success will depend on the accuracy and extent of the carbon stock 1 5 mitigation and accessible methods of monitoring and marking changes. In a relatively 1 6 closed socioecological Southeast Asian lagoon we estimated the value of total organic 1 7 carbon stocks (TOC) of both seagrass and mangroves. Mitigation corrections were also 1 8 made for black carbon (BC) and calcareous inorganic carbon equivalents (PIC equiv ), and 1 9 their sediment dry bulk density (DBD) tested as a cost effective means of both estimating 2 0 those stock concepts and possible impacts outside their parameter confidence intervals. 2 1 Overall, seagrass and mangroves TOC densities across the lower lagoon ranged from 2 2 15.3±4.3 and 124.3±21.1 Mg C ha -1 respectively, 175.2±46.9 and 103.2±19.0 Mg C ha -1 2 3 for seagrass and 355.0±24.8 and 350.3±35.2 Mg C ha -1 ) for mangroves across the two 2 4 upper lagoon branches. Only mangrove biomass made significant additional 2 5 contributions ranging from 178.5±62.3 to 120.7±94.8 Mg C ha -1 for lower and upper 2 6 regions respectively. The difference between the lagoons total seagrass and mangroves 2 7 TOC stocks (5.98±0.69 and 390±33.22 GgC respectively) was further amplified by the 2 8 lagoons' larger mangrove area. When corrected for BC and PIC equiv , the carbon stock 2 9 mitigation was only reduced by a moderate 14.2%. Across the lagoon the sedimentary 3 0 DBD showed strong (R 2 = 0.85, P < 0.001) to moderate (R 2 = 0.67, P < 0.001) linear 3 1 correlations with seagrass and mangrove [TOC] respectively, moderate correlations with 3 2
As far as we are aware DBD relationship with carbon concentrations has not been 1 4 5 formally expressed across tropical seagrasses and mangroves or indeed empirical relation 1 4 6 to PIC concentrations. Nor is it likely that DBD would respond in the same proportional 1 4 7 manner to organic carbon concentrations, as unlike peatland sediments, the DBD is 1 4 8 dominated by its organic components. Leaving aside the degree of water saturation in 1 1 aboveground biomass, ash-free dry weight, AFDW g/m 2 , from a previous study (Ismail, 2 2 3 1993), were converted to total dry mass t ha -1 , with the assumption that AFDW is 80% of 2 2 4 the total dry mass (Duarte and Chiscano, 1999) . Their carbon contents were then 2 2 5 calculated as an average of 28% C dry wt -1 , taken from the leaves of mixed bed meadows 2 2 6 from the adjacent Sepanggar bay (Table S1 Supplementary Materials, along with their 2 2 7 stable isotope of C and N ). For mangroves, transect lines were laid out at randomly selected stations (~ 500 m 2 2 9 apart) across both the Salut and Mengkabong lagoon branches (Figure 1 ). Transect 2 3 0 sampling stations were placed every 25 m (50 to 100 m long), which ran perpendicular to 2 3 1 the shoreline. Sediment cores around 50 cm long were taken with 11 cm larger diameter 2 3 2 PVC tubes (n = 20 x 2). The larger diameter made core penetration easier and eliminated 2 3 3 sediment compaction. Immediately upon extraction, the cores transported to the 2 3 4 laboratory under ice, then and stored at -20ºC after sampling for dry bulk density, pore 2 3 5 water salinity and particle size analysis. The depth approximates half the carbon stock to 2 3 6 1 m (Chmura, Anisfeld et al. 2003) and was corrected accordingly. Biomass within each 2 3 7 plot (10 m x 10 m), was taken from mangrove tree diameters, measured at chest height, 2 3 8 DBH (> 1.3 m). The DBH measurements and wood density (ρ) for the different species 
The area of the mangroves forests were incorporated with secondary data from taken every few meters with a handheld GPS. In regions that were uncomfortably muddy 2 4 8 and deeper, a boat was used to follow close to the meadows perimeter. For seagrass around 25 cm of sediment were extracted with a 5 cm diameter PVC tube 2 5 0 (n = 56) for sedimentary carbon stocks. The depth approximates half of the carbon stock before being transported to the laboratory. In each plot, two quadrats (50 x 50 cm) were Yoshida, 2011). The coverage to biomass was obtained from previous studies on seagrass 2 5 5
biomass in Salut-Mengkabong estuary/lagoon (Ismail, 1993) . All sediment dry bulk densities were measured from the homogenised core sample sealed 2 5 8 within its plastic storage bag a sealed plastic bag. For seagrass, this was top 25 cm, and 2 5 9
for mangroves the surface 25 cm and deeper core sections (25-30 cm and 25-40 cm) were 2 6 0 processed separately. A cut off 1cm 3 disposable syringe used in the manner of a piston 2 6 1 core was used to measure the volume before the dry weight (Lavelle, Massoth et al. The carbon stock densities and of top 25 cm and 50 cm for seagrass and mangrove 2 7 6 respectively were calculated from fraction of the average TOC content, as its dry mass, 2 7 7 down the length of the sediment core, its average bulk density and area of coverage (2). Where A is estimated area of coverage, B the dry bulk density, and D refers to the depth 2 8 0 of the sediment core (Nellemann et al., 2009; Lavery et al., 2013; Howard et al., 2014) . A hierarchical random sampling design was used to estimate regional and lagoon wide For seagrass, scales were based on the determination of variability of independent because of subtraction of its corresponding PIC, it will not necessarily (or likely) change percentage differences between means were calculated for the truncated TOC-BC-PIC the variance of the truncated set was ostensibly equal or greater than a complete set, and 3 1 9
thus remove any tendency towards a type one error when comparing sample mean 3 2 0 between regions.
2 1
We refer the reader to Supplementary information and files for data that relate to the The section is description of the parameters that characterize the stations within the sedimentology. The information is used to constrain any stand out similarities or 3 2 9 difference in carbon stock density concepts within and between regions. Finally, the total 3 3 0 organic carbon stocks of seagrass and mangrove are calculated across the lagoon. The All seagrass meadows across the lagoon were subtidal, with the visibly more turbid upper Overall, the subtidal sediments across the lagoon reflected the degree of isolation from supported sandy sediments, but with a significantly greater clay-silt contents within the 3 5 0 meadows at stations SLE and SLF ( Figure 1 ) of 8.6 to 9.5% cf 0.9 -2.5% (P < 0.001).
3 5 1
For the upper Salut and Mengkabong regions, sediments ranged from sandy through to 3 5 2 sandy clay loam as a function of distance from the marine tidal delta (Table S2 3 5 3
Supplemental Materials). The contribution of seagrass biomass to the TOC stock density across stations was 3 5 7
restricted to upper region of the largest seagrass canopy and found to be insignificant and well within estimated sediment TOC stock density error ( Materials). Consequently, for clarity, seagrass biomass was not explicitly included within 3 6 0 the assessment analysis but expressed as less than other stock contributions' lower The lower Salut seagrass stock density concepts were found to be on average several < 0.001) (Figure 2a, 2b and 2c) . However, the relative difference within each region 3 6 5
between concepts was not consistent. There was a different pattern of ranking and 3 6 6
relative differences between stock concepts (Figure 2a, 2b and 2c ). The upper Salut differences originating from the larger BC stocks (Figure 2a , bars 2 and 4), in particular 3 7 0 BC as isolated by CTO (Figure 2a, bar 4) , and PIC stocks (Figure 2a , bars 3 and 5). This In contrast, to seagrass, the variability of mangrove sedimentary carbon stock density 3 7 5
concepts across regions were notably smaller, with means more than twice that of ( Figure 2d and 2e ) of the lagoon, although less so, than found in the lower Salut region 3 8 6 ( Figure 2f) . Again, the larger fall in stock density concept services was found in the upper 3 8 7
Salut region, the result of an apparently larger BC components, particularly as isolated by CTO (Figure 2e, bar 4) . The values of the traditional TOC stock concept show that most of the carbon stocks are 3 9 2 located within mangroves (Table 1) . This is in part because of the mangroves' greater inaccessibly mangrove forest along and back from Mengkabongs' north shore (Figure 1 ). reflected in the other stock concepts as seen from their similar relative stock densities 4 0 0 ( Figure 2 ). If we focus on the stock concept with the greatest impact on traditional TOC The household income of the lagoons' Sama-Bajau community was estimated from community is likely to have earn between 1.8 to 7.4 million US$ y -1 .
3 6
Bulk density as predictors of TOC and PIC sediment concentrations 4 3 7
Overall, the range of TOC concentrations within seagrass sediments were greater than 4 3 8 found in mangroves, reflecting mainly the lower organic contents contributions from the 4 3 9 sandier sediments (Figure 3 ). Over these ranges, there were strong to moderate the seagrass and mangrove sediments respectively, and for PIC within seagrass sediments. Across the lagoon, it was clear that both seagrass and mangroves of the lower lagoon branch (Figure 1) . Secondly, it appears that in addition to allochthonous litter more than contributing greater amounts to sediment deposition than the smaller faster growing having a greater geocentric distance from the edge (Ricart, Perez and Romero, 2017) .
Although, there is some suggestion of possible cofounding from the larger lower lagoon 4 6 4 meadow at site SLE (Figure 1 ). Here the carbon stock density was notably larger than the 4 6 5
remaining lagoons seagrass meadows ( Across the western quarter of the Southeast region, the lagoon's seagrass total stock Chek Jawa, Singapore, within the shelter and embayment of the Johor straights, the Many previous studies of mangrove carbon stock densities have reported estimates to 2f) reduced the overall carbon stock services to a significant but moderate bias (around 5 1 9 14%). For BC factors controlling the size of its contribution across the lagoon has 5 2 0 previous been tested by Chew and Gallagher (2018) . The relatively small BC 5 2 1 contributions to the total organic matter was in proportion to the total sedimentary and the BC delivery mechanism, dominated by soil wash out to seagrasses and the 5 2 5
atmosphere to mangroves. For PIC, the small concentrations are in accord with the 5 2 6
contention that for non-edaphic geological carboniferous sediments, dissolution may play 5 2 7 a factor in moderating PIC stock densities (Saderne et al., 2018) .
2 8
The relative variability of sedimentary PIC concentrations showed similar proportional 5 2 9
and invariant responses across seagrass and mangrove stations as BC to organic matter, 5 3 0
as inferred from its proportional relationship with DBD. It may be that there is an require a simpler supply construct other than deposition of settling particles and 5 3 9 subsequent burial. In place, we contend that PIC concentrations, as a minor fraction, For both seagrass and mangrove [TOC] were respectively strongly and moderately 5 4 8
